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The wheat weevil, Sitophilus granarius (L.) (Coleoptera: Curculionidae), also known as grain weevil or granary weevil, is a common economic pest all over the world. S. granarius decreases the post-harvested grain yield at storage significantly (Yildirim 2012) . Chemical insecticides are the method of choice for controlling stored grain pests. A rapid and efficient control of the pests is generally provided with chemical insecticides. Nevertheless, the chemical insecticides cause many environmental hazards and are detrimental to human health (Liess & von der Ohe 2005; Frampton et al. 2006; Starks et al. 2012) . In order to overcome the undesirable effects of insecticide use, many researchers are looking for new biological insecticides, which provide pest control with minimal environmental hazards (Emsen et al. 2012a,b; Yildirim et al. 2012a Yildirim et al. ,b, 2013 .
Lichens can be a good source of biological insecticides. They contain many secondary metabolites and are formed through symbiosis between fungi and algae and/or cyanobacteria (Galun 1988; Brodo et al. 2001; Nash 2008) . Many metabolites obtained from approximately 60 lichen species are used in antimicrobial, anticancer, antiallergen, immunological, and expectoral drugs (Kirmizigul et al. 2007) . In recent years, researchers have been focusing on the secondary compounds of lichens commonly known as lichen acids to be used as alternatives for chemical insecticides Yildirim et al. 2012a ). In addition, antiviral, antiprotozoal, antiproliferative, analgesic, anti-inflammatory, and antipyretic activities of usnic acid, known as a secondary metabolite, have been researched (Cocchietto et al. 2002; Ingolfsdottir 2002; Rattan 2010) . However, to the best of our knowledge, studies have not yet been conducted to evaluate the insecticidal activities of lichens against S. granarius. Therefore, the present study was designed to evaluate the insecticidal effects of four different concentrations of extracts of Lecanora muralis (Schreb.) Rabenh., Letharia vulpina (L.) Hue, and Peltigera rufescens (Weiss) Humb. against adults of S. granarius under laboratory conditions. of extract solution was used. The 0.8 ml of extract solution was applied using an airbrush spray gun. Mortalities of adults were determined 24, 48, and 96 h after exposure. A Petri dish sprayed with only 80% acetone solution was used as the control. There were three replicates for each concentration and exposure time combination and insecticidal activity of extracts was expressed as percentage mortality of the adults.
Statistical analyses. The differences among the insecticidal activities of lichen extracts tested were determined by the analysis of variance (ANOVA) test using SPSS software. Duncan and LSD tests were used for comparison of means.
The LC 50 (median lethal concentration) values were calculated following the method of Finney (Finney 1971) . Probit analysis of concentration-mortality data was conducted to estimate the LC 50 values and associated 95% confidence limits for each treatment using the EPA Probit Analysis Program.
RESULTS
Extracts were toxic to adults of S. granarius at different concentrations and exposure times. Maximum mortalities were recorded after 96 h of exposure at all concentrations (Table 1, Figures 2 and 3 ). There were high positive correlations between concentration and insecticidal effect; exposure time and insecticidal effect ( Table 2 ). For concentration-insecticidal effect correlation, L. muralis had the lowest correlation coefficient (0.446), whereas P. rufescens had the highest coefficient (0.513). For elapsed time-insecticidal effect correlation, L. muralis had very high positive correlation (0.832), whereas P. rufescens had the lowest correlation of 0.739 (Table 2) .
Extracts from the three species of lichens were toxic to S. granarius adults (Tables 1 and 2 ). Treatments with extracts of L. vulpina and P. rufescens resulted in higher mortality of S. granarius adults compared to L. muralis which caused low mortality (Table 1) .
After 24 h exposure, the L. muralis 20 mg/ml extract treatment caused significantly higher mortality than the control, the 5, 10, and 20 mg/ml extracts of L. vulpina and P. rufescens also caused significantly higher mortality (Table 1) . Extracts of P. rufescens caused no significant increase in mortality after 48 h of exposure. Mortalities caused by 5, 10, and 20 mg/ml extracts of L. vulpina and 10 and 20 mg/ml extracts of L. muralis were significantly higher than doi: 10.17221/101/2014-PPS those in the control. After 96 h of exposure, all lichen extracts resulted in significantly higher mortalities than the control (Table 1) .
Based on data for all concentrations, toxicity of extracts of the three lichen species on S. granarius in decreasing order was P. rufescens > L. vulpina > L. muralis. At the highest concentration (20 mg/ml), insecticidal activities (cumulative mortalities) of P. rufescens, L. vulpina, and L. muralis extracts on S. granarius were 81.47, 80.13, and 58.91%, respectively (Figure 1) .
The highest cumulative mortalities after 24, 48, and 96 h of exposure were caused by P. rufescens extract. After 96 h of exposure, insecticidal activities Figure 3 ).
Concentration-mortality data for each extract were subjected to probit regression analysis in order to determine LC 50 values for 24, 48, and 96 h after exposure (Table 3) . Among the three lichen samples, the most potent insecticidal lichen was P. rufescens with LC 50 value of 0.328 mg/ml for 96 h after exposure. Whereas, the least potent lichen was L. muralis with LC 50 value of 0.666 mg/ml for 96 h after exposure. Based on LC 50 values of lichen extracts at 24, 48, and 96 h after exposure, the strength of the three species of lichens in decreasing order is P. rufescens > L. vulpina > L. muralis (Table 3) .
DISCUSSION
Many chemical insecticides are broad-spectrum killing both target and non-target organisms, which could comprise invertebrates and vertebrates. Less than judicious application of pesticides results in conversion products of the pesticide or the pesticide itself remaining in food, soil, water, and air. Even though some pesticides are not viewed as toxic, many of them could cause deleterious effects on the nervous system, and could have carcinogenic influences and even mutagenic (Liess & 2005; Frampton et al. 2006; Starks et al. 2012) . Based on the afore-mentioned hazardous effects of pesticides, natural insecticides that are highly efficacious and are of reduced risk, such as lichen extracts, should be sought for the control of pests. Many of the detrimental effects of traditional pesticides on human health and the environment would be reduced by a more widespread use of reduced risk pesticides such as natural insecticides.
Biological insecticides derived from plants and microorganisms are used against many pests including insects (Lacey et al. 2009; Kim et al. 2010; Raudonis et al. 2010; Sharifian et al. 2013) . Extracts and secondary metabolites of lichens have been demonstrated as effective biological insecticides against pests such as S. granarius Yildirim et al. 2012b) , Sitophilus zeamais , and Leptinotarsa decemlineata . However, before the current study, there were no reports on the insecticidal effects of L. muralis, L. vulpina, and P. rufescens extracts against S. granarius.
Our data suggest that the extracts isolated from the three different lichen species investigated might have different toxicity, and this could be attributed to Previous studies have demonstrated that the toxicity of extracts isolated from lichen samples against pests was related to their secondary components Yildirim et al. 2012a) .
Based on our data, the extracts of L. vulpina and P. rufescens were more toxic against adults of S. granarius than were the extracts of L. muralis. L. vulpina and P. rufescens have compounds that show insecticidal activity and have the potential for being used as biological insecticidal agents against S. granarius.
